Severe pneumonia in infants who are HIV-infected is a common problem in many parts of the developing world, especially sub-Saharan Africa. It has emerged that the condition of severe hypoxic pneumonia in early infancy is a disease of many causes, most occurring together in the individual patient. [1] [2] [3] A frequent cause of severe pneumonia in infants is Pneumocystis jiroveci. This condition is usually diagnosed clinically and managed as pneumocystis pneumonia (PCP) in the regions of the world where HIV-infected children live. Today it has become possible to make a microbiological diagnosis of P. jiroveci based on polymerase chain reaction (PCR) testing of airway secretions. However, in the developing world such testing is largely unavailable and the clinical condition still poses an enormous problem.
P. jiroveci is a fungal organism that has a predilection for the immune-compromised host and is a common pathogen in HIVinfected infants. The term PCP was retained after Pneumocystis carinii was taxonomically renamed jiroveci. [4] Since the earliest reports of HIV infection, PCP has been recognised as a severe form of acute pneumonia. The disease may occur at any age but is particularly common in early infancy. [5] PCP is recognised clinically by a distinct set of common criteria: hypoxic pneumonia, few pulmonary crackles, an interstitial appearance on chest radiographs and an elevated lactate dehydrogenase (>500 U/L). [6, 7] The case fatality rate from PCP is 100% if not treated with trimethoprim-sulphamethoxazole (TMP-SMX). [8] However, where TMP-SMX prophylaxis is employed alone, mortality is not significantly reduced. [9] Because the disease often causes severe hypoxia, these children would benefit from paediatric intensive care admission. Admitting infants with PCP to an intensive care unit, in a resource-limited setting, has created a number of ethical dilemmas for pediatricians including the historically poor outcome for these patients and the pressure on scarce resources. [10] Cytomegalovirus (CMV) is now recognised as an important copathogen of severe pneumonia in infants and may be the organism driving mortality in this form of pneumonia. [1] [2] [3] Treatment of this form of severe pneumonia with a combination of TMP-SMX and antiviral agents has had mixed success. [1] [2] [3] Some studies report improved survival with use of the antiviral agent ganciclovir. [2, 3] Despite the presence of P. jiroveci and CMV a number of other pathogens also cause and contribute to severe hypoxic pneumonia in infants. What has been missing from previous studies of severe pneumonia in HIV-infected infants, however, is a description of the host inflammatory response and cytokine/chemokine profile that accompanies this disease. It is hoped that a better understanding of the host response and associated clinical correlates may aid in seeking better therapeutic options for these very ill children who frequently die.
The objective of this study was to document the cytokine/ chemokine profile of a group of young infants with all-cause, severe hypoxic pneumonia.
Methods
As part of a double-blind randomised controlled trial to assess the value of systemic steroids, conducted among infants l <18 months of age admitted with severe hypoxic pneumonia at Pretoria Academic, Kalafong and Witbank hospitals, paired sputum and serum samples were collected for cytokine analysis. The only criterion was infants with hypoxic pneumonia. Patients were enrolled according to study protocol by the admitting doctor.
A clinical diagnosis of severe hypoxic pneumonia was made in patients with the following features:
• cough • tachypnoea • hypoxia (peripheral oxygen saturation <90% in room air) out of proportion to the clinical findings on auscultation • positive HIV-1 enzyme-linked immunosorbent assay test (ELISA) (HIV-exposed).
Ethical approval was obtained from the Research Ethics committee of the University of Pretoria, Faculty of Health Sciences (Protocol number 80/2004). The parent(s) or guardian gave informed written consent for participation in the study, as well as for HIV testing.
Patients received either prednisone 2 mg/kg/day or placebo for 7 days. Standard antibiotic regimens including co-trimoxazole were carried out in accordance with usual practice.
The following baseline investigations were performed on admission:
• chest X-ray (CXR)
• full blood count, differential count and platelets, C-reactive protein (CRP), lactate dehydrogenase (LDH), total protein and albumin, aspartate aminotransferase (AST) and alanine aminotransferase (ALT), CD4 count, blood culture and HIV ELISA • nasopharyngeal aspirates for respiratory viruses including CMV and PCP immunofluorescence were collected. Secretions were also tested for bacterial and tuberculosis (TB) culture.
Daily monitoring included clinical examination, recording of temperatures, oxygen saturation and oxygen requirement, and development of new features. The number of days to achieve mean oxygen saturation >90% in room air was recorded using standard pulse oximetry. The primary study endpoint was in-hospital survival. Secondary outcome was time from admission to the first day of mean oxygen saturation >90% in room air.
Serum and sputum cytokines (interleukin-1beta (IL-1β), interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-10 (IL-10), interleukin-12 (IL-12), interleukin-13 (IL-13), tumour necrosis factor alpha (TNF-α) and interferon gamma-inducible protein-10 (IP-10)) were measured, on admission, using the Bio-Plex suspension bead array system (Bio-Rad Laboratories Inc., USA) which utilises luminex Xmap multiplex technology to enable simultaneous detection and quantitation of multiple different analytes in a single sample. A group of children with HIV-associated bronchiectasis provided serum and sputum cytokine samples and these were used as control samples since this is another disease entity where HIV infection is present.
Data analysis
Statistical analysis was performed using Stata Release 11.0 (Statacorp LP, USA). Descriptive statistics were used to describe mean/median and standard deviation (SD) of clinical, laboratory and cytokine variables. The Fisher exact test was used for categorical variables and the Mann-Whitney U-test for non-parametric variables. Due to the skewed distribution of the cytokine values in both groups, the groups were compared on the logarithmic scale using the Student's t-test. If the assumptions for the t-test were not met, Wilcoxon's rank sum test was applied. The geometric mean and its 95% confidence interval (CI) was reported as summary statistics again because of 'skewed data' . Before transformation to the logarithmic scale 1 was added to the observed cytokine value so as not to lose the zero values that were observed. In reporting the summary statistics the adjustment was corrected. Statistical testing was at p<0.05 level of significance.
Results
A total of 100 patients with a clinical diagnosis of severe hypoxic pneumonia were included in this study. There were 31 control patients (mean age 8 years) with HIV-associated bronchiectasis. The outcome of patients who received steroids compared with those who did not has been reported previously. [4] The mean (range) age of this group of infants admitted to hospital with pneumonia is 2.8 (1 -12) months. With regard to the clinical presentation and laboratory findings of infants with pneumonia the major findings are reflected in Table 1 .
The clinical chest findings in this cohort of infants with pneumonia were tachypnoea in 100 (100%), respiratory recessions in 100 (100%), subcostal recession in 94 (94%), absence of pulmonary crackles in 71 (71%), clinical hyperinflation in 22 (22%) and wheezing in 1 (1%).
The radiological findings in this cohort of infants with pneumonia were pulmonary infiltrates in 85 (85%), interstitial pattern in 86 (86%) and lymphadenopathy in the hilar region in 25 (25%).
The identified pathogens were P. jiroveci, CMV, respiratory sunctial virus (RSV), adenovirus, parainfluenza virus and influenza virus in 5, 2, 8, 1, 0 and 2 infants, respectively. Bacterial pathogens and TB were not identified in any infants.
The mean (range, SD) for the measured cytokines in sputum were IL-10 For the four cytokines that appeared to be consistently elevated in either sputum or serum in infants with severe pneumonia, namely IL-10, IL-Iß, IP-10 and TNFα, comparison with children with HIV-associated bronchiectasis (mean age 8 years) is reflected in Table 2 .
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Discussion
The age of this cohort of infants with severe hypoxic pneumonia is in keeping with previous publications suggesting that severe hypoxic pneumonia occurs in very young infants (age 2 -3 months). [9] This fact is of critical importance to preventive strategies and policies. Only an effective prevention of mother-to-child (PMTC) programme will solve this problem. Early HIV detection in childhood and vaccine programmes are not a solution, as the disease occurs so early in life.
The clinical findings support previous research indicating that this form of pneumonia in young HIV-exposed children is associated with severe hypoxia and relatively few pulmonary adventitious sounds. [11] LDH has been suggested as a diagnostic test for PCP, with levels >500 IU/L taken as positive evidence. [6] Whilst not all the infants in this study had a LDH >500 IU/L, most did. This result does not support a specific aetiological agent in the cause of this form of pneumonia but rather supports the severe nature of the pulmonary insult. The clinical profile of this disease is distinct in the nature of its severity.
The radiological findings, whilst most usually reflecting an interstitial (or alveolar) pattern, are not universally so. This too has been previously documented. [12] The lack of identifiable organisms causing this disease probably reflects the insensitive nature of the testing methods. This is a weakness of the study, and this study would have been significantly strengthened by newer PCR tests, which unfortunately were not available at the time of the study. This lack of a definitive causative agent responsible for the pneumonia is, however, not a detraction from the major aim of the study, that being to document the cytokine profile of HIV-exposed infants with severe hypoxic pneumonia.
Normal values for cytokines and chemokines in health and disease are not readily available, and this is a limitation of this study. There is evidence that in healthy children and infants the cytokines measured in this study should be zero or at most very low values. [13] The lack of a definitive control group of normal children against which the cytokines are measured is a weakness of this study. However, in order to nullify the effect of HIV infection per se on the cytokine changes, it was decided to use a group of children with another form of HIVrelated pathology, but one in which acute infection was not present. Hence the value of children with HIV-associated bronchiectasis as a control group. Clearly this is not an ideal comparator group because of differences in age at presentation and degrees of disease severity.
This limitation is noted. Subclinical infection is, however, a possibility and might influence the results. The cytokine results suggest that the major cytokines associated with severe hypoxic pneumonia in very young, HIV-infected, infants are IL-10 and IP-10. Neither cytokine was significantly elevated in the control group, suggesting that the elevated values are due to the effect of acute and severe pneumonia in infants.
IL-10 is a cytokine that has important anti-inflammatory properties. [14] Coded for by the IL-10 gene, this cytokine is produced mainly by monocytes and to some extent by lymphocytes. [15] It has a major function in down-regulating the expression of Th1 cytokines. [14] There is a paucity of data on the presence of IL-10 in paediatric lung disease, especially pneumonia. However, in a study of children with severe sepsis or pneumonia, IL-10 was found to be elevated in the serum ORIGINAL RESEARCH of the children with severe sepsis but not pneumonia. [16] In other paediatric pulmonary conditions there is evidence that IL-10 is elevated in RSV infection, [17] bronchopulmonary dysplasia [18] and Mycoplasma pneumoniae pneumonia. [19] An adult study of patients with communityacquired pneumonia suggests that IL-10 functions as an acute-phase reactant. [20] The finding of elevated sputum and serum IL-10 in the current study of infants with severe pneumonia is a new finding and suggests that the anti-inflammatory defences of the HIV-infected infant are mobilised early after the onset of severe pneumonic pathology. It is also possible that this cytokine may function in a pro-inflammatory way in this condition.
IP-10 is a chemokine that is secreted by several cell types, including monocytes, endothelial cells and fibroblasts, in response to INF-y. [21] It functions as a chemoattractant for macrophages, T-cells, NK-cells and dendritic cells and also has a number of newly identified functions including promotion of T-cell adhesion to endothelial cells, antitumour activity and inhibition of angiogenesis. [22, 23] It has not previously been associated with a specific form of pneumonia in children. High levels of this chemokine have been shown to be associated with a poorer outcome in HIV-infected individuals with hepatitis C viral (HCV) co-infection. [24] IP-10 has been documented as a better test than both interferon gamma-based QuantiFERON TB Gold assays and tuberculin skin tests for diagnosing TB in HIV-infected individuals. [25] HCV was not measured in our study but all children had normal levels of liver enzymes. TB was not seen in our children. Elevation of this chemokine in infants with severe pneumonia may reflect significant stimulation of monocytes, in keeping with the elevated values of IL-10. It may have pro-or anti-inflammatory activity in this disease state. These functions, however, require more extensive study.
Previous studies have attempted to characterise the cytokine profile of P. jiroveci-infected individuals. These studies suggest that the actual cause of the immunosuppression predisposing to the infection may have as much impact on the cytokine profile as the organism itself. [26, 27] This latter study suggests that P. jiroveci infection is associated with reduced macrophages in alveoli and elevated IL-6. However, IP-10 was not measured in that study.
IL-1β and TNFα are found to be lower in infants with severe pneumonia than the comparator group of children with bronchiectasis. The reason for this finding is unknown and should be investigated further.
Study limitations
This study was not without significant limitations. Some of these include lack of definition of severity groups within both sample populations, failure to standardise sample collection, timing to disease onset and most importantly that the age of the two sample populations are markedly different.
Conclusion
This study of HIV-exposed infants with severe hypoxic pneumonia suggests that IL-10 and IP-10 are associated with hypoxic pneumonia in infants. However, further investigation of this association is required.
